Abstract: Using of different angles for the left and right side allows creating a tooth with the beneficial parameters. The software was developed to control the shape of the teeth, for calculation of the reduced radii of curvature of the asymmetrical teeth, Hertz pressures, the pressure angles limits and specific sliding. The asymmetrical gearing is suitable mainly for one direction of rotation, and the pinion can, therefore, have a lower number of teeth. By comparing the values, one can determine the benefits of their application.
Introduction
Symmetrical teeth are commonly used for the entire spectrum of applications [3. 4] . Classical design of gears is based on the number of teeth and design module, the shape of basic rack is defined by the standard module and the pressure equal to 20°. The minimum number of teeth, for the normalized pressure angle, also depends on the addendum coefficient value. To improve the mesh conditions, various tooth corrections are mainly used. The most common type of correction is a correction by moving the tooth profile, and in case of helical gears, it is also a correction of helical angle. The majority of corrections are applied in order to achieve not only the desired centre-to-centre distance, but also to improve strength, stiffness properties of the teeth, or to remove the teeth undercutting or balance the specific sliding [1-3, 7, 9] .
Asymmetric Teeth
Involute curve changes its shape depending on the pressure angle (Fig. 1) .
In Fig. 1 , there are involute curves for pinions with a number of the teeth z 1 = 17, module 10 mm and selected angles a are 15°, 20°, 30°, 40°.
An asymmetric involute tooth is formed by two involute curves. The involute curves satisfy the law of gearing. The mesh is only on the line of action. The tooth asymmetry is created by different values of the tooth pressure angle for the left side a L and the right side a P [1-3, 6, 7] .
Pictures in the article are made so that the left side is determined from the minimum number of teeth (i.e. defined by the angle a L ). The right side is determined by the condition of the maximum value of the angle a P , taking into account that the total top land thickness is ≥ 0.25 m n . At a fixed value of the left pressure angle, the right pressure angle can be from the interval <a L , a P >. The right involute can be between the curves 1 and 2 (Fig. 2b ). As shown in Fig. 2c , it is possible to see a change relative to the symmetrical shape, the area 3 is removed and the area 4, is added to the symmetrical shape. If, however, the left angle a L is increased, the right angle a P is decreased in order to comply with the condition of a sufficient top tooth thickness [1] [2] [3] . The limit values of pressure angles can be determined by using the custom made software (Fig. 5) . Figure 3 presents a tooth segment with a large asymmetry, the number of the teeth of pinion z 1 = 17. Base circle is not identical for left and right sides. The base circle diameter is smaller for a bigger angle a.
In Fig. 4 , there are the mesh and radii of curvature for a different direction of rotation. Points N 1 and N 2 are the interference points. As the radius of curvature increases, the pressure angle a increases also. The change of angle a leads to changes in the radii of curvature, which affects the Hertz pressures. Centre-to-centre distance stays the same.
The minimum number of teeth with allowed undercutting (1) where: -tooth addendum coefficient, a -pressure angle (°).
The radii of curvature at the first point of mesh A (Fig. 4 ) for the tooth defined by pressure angle a L and a P are:
where: m -module (mm), r 2 -pitch radius of the wheel (mm), a -centre distance (mm).
Specific sliding of pinion for the left side is:
where: -specific sliding at the first point A of the mesh, a L -pressure angle (°), w 1 -input angular velocity (rad/s), w 2 -output angular velocity (rad/s), r 1AL -radius of curvature at the point A.
A
Software for Control and Analysis
The software (Fig. 5, Fig. 6 ) was developed to address the issue with asymmetric teeth, it allows to check and compare the following important parameters: − design of a pinion without undercutting, − design of a pinion with allowed undercutting, − contact ratio, − calculation of the radii of curvature and their reduced values, i.e. basic characteristics of the calculation of Hertz pressures, − pressure angles limits, − specific sliding for pinions.
For asymmetric teeth, it is required to follow more parameters simultaneously. For given parameters, several separate profiles can be created.
The software has a number of work modes. In every work mode, a different number of parameters can be defined.
The software draws graphs for pressure angle limits (Fig. 5 ). It draws graphs for specific sliding separately for right and left sides (Fig. 6) . It controls the value of contact ratio (must be larger than one). It controls sufficient top land thickness. It also calculates values of radii of curvature at different mesh points and draws their reduced values. The software checks possible interferences.
The important benefit of asymmetric tooth profile applications is mainly a significant reduction in specific sliding and Hertz pressures at the point of the first contact of the teeth. Fig. 7 , specific sliding is a function of the pressure angle a. The left side is defined by standard value of 20°. In the Tab. 1 the values for examined parameters by different number of the teeth z 1 are listed. 
Conclusion
The asymmetry allows to decrease number of the teeth on the pinion. The assymmetric teeth make it possible to decrease the gearing dimensions and to reduce weight. The course of specific sliding is advantageous especially for larger pressure angles. However, a disadvantage may be a lower value of contact ratio. he software mentioned herein allows quick and comfortable monitoring of asymmetric teeth. This gearing may be used only if the cost is not the ultimate criterion.
